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(57) Abstract: The present invention defines a subsea compression module with an electric motor (1) in a first pressure housing 
for being pressurized with a pressure (Pm) and a compressor (3) in a second pressure housing with a suction pressure (PI). A third 
intermediate pressure housing (2) is provided between the motor (1) and the compressor (3), and a seal (Tl) for the output shaft of 
the motor, seals between the pressure housing of the motor and the third intermediate pressure housing. A seal (T2) for the input 
shaft of the compressor (3) seals between the intermediate pressure housing (2) and the compressor (3). A connection (K) is provided 
between the motor 1 and the compressor (3) in the third intermediate pressure housing (2). A method for maintaining a controlled 
environment for a sub sea compression module is also provided. 
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"Pressure and leakage control in rotating equipment for subsea compression" 

The present invention relates to a subsea compression system for well fluid 
boosting by compressing hydrocarbon gases and pumping hydrocarbon liquids. 
More particularly, the invention relates to how internal leaks in the compression 
module should be handled to ensure a suitable environment for the various 
components, and how to ensure that no contamination leaks from the module 
into the environment external of the compression module or system, or builds 
up inside the components. 

The system is particularly developed for deep sea compression stations. 

An offshore gas field may be developed with seabed installations, which are tied 
back to terminals onshore or to an existing platform. The seabed installation 
comprises one or more production templates where each template produces 
well fluids through manifold headers, which are connected to one or more 
pipelines. The pipelines transport well fluids to an onshore terminal, an offshore 
platform or any other receiving facility for further processing. Processed gas and 
condensate are exported to the market. One or more umbilicals for power, 
control and utility supplies are installed from the receiving facility to the subsea 
installation. 

For the initial production phase, well fluids may flow into the receiving facility by 
means of the reservoir pressure. Later in the productions phase or at start-up of 
the production, well fluid boosting is required in order to maintain the production 
level and to recover the anticipated gas and condensate volumes. This is may 
be performed by a subsea compressor assembly. 
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Subsea compressors for this purpose with electric motors that requires a dry 
environment, and that utilizes a pressurised, gas filled motor housing are for 
instance disclosed in Norwegian Patents Nos. NO 172075, NO 173197, 
Nonwegian Patent Application No. 2001 5199 as well as Nonwegian Patent 
Application No. 2003 3034. 

These publications disclose the use of gas filled electric motors where avoiding 
corrosion and other problems that are related to separation of hydro carbon 
condensates and water in liquid form in the motor, is considered. 

Norwegian Patent Application 2003 3034 discloses a gas compressor module 
with pressure housing. The module includes an electric motor and a 
compressor connected with at least one shaft. The compressor and motor are 
Isolated by means of at least one seal. The shaft is carried by magnetic 
bearings. The application describes volume and pressure control of the gas 
flowing into the motor, and the use of a supply of dry hydrocarbon gas. 
Furi:hermore means for sensing the pressure in the inlet and outlet is described, 
whereby based on the measured pressure, the pressure and volume regulator 
controls the pressure of gas from the supply for injection into the motor housing. 

The application does however not consider how to handle the gas that leaks out 
around the shaft of the motor and the shaft of the compressor, and accordingly 
there is a need for an apparatus where these leaks can be taken care of in an 
environmentally friendly way. Furthermore it is an object of the invention to 
allow flow out through the seals around the input shaft of the compressor, and 
prevent this flow from entering into the motor housing for instance through the 
seals around the output shaft of the motor. Yet another object of the invention is 
to prevent the fluids leaking out of the seals to accumulate, or to build up a 
pressure with a possible consequence that the fluids leaks back into the 
components. 
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This is acliieved with the system according to the present invention providing a 
subsea compression module with an electric motor in a first pressure housing 
for being pressurized with a pressure Pm and a compressor in a second 
pressure housing with a suction pressure P1. A third intermediate pressure 
housing is placed between the motor and the compressor, and a seal is 
provided on the output shaft of the motor, sealing between the pressure housing 
of the motor and the third intermediate pressure housing. Furthermore a seal is 
provided on the input shaft of the compressor, sealing between the intermediate 
pressure housing and the compressor. The shaft of the motor and shaft of the 
compressor are connected in the third intermediate pressure housing. 

The intermediate pressure housing may be provided with a fluid connection, 
and may be connected to a pressure sensor. A pressure Pic in the intermediate 
pressure housing can be controlled to be lower than the pressure Pm in the 
motor pressure housing and higher than the suction pressure P1 of the 
compressor. 

The fluid connection of the intermediate pressure housing may communicate 
with the gas connections at the low pressure side of the compressor such that 
the fluid connection of the intermediate pressure housing is in connection with 
the gas connections at the suction side of the compressor and / or a scrubber 
upstream of the inlet of the compressor. 

A supply line with a pressurized gas from a liquid separator may supply the 
pressure to the motor pressure housing. A bleed line may connect the coupling 
or intermediate pressure housing with the liquid separator/scrubber. A pressure 
controller or pressure regulator in connection with the supply line may maintain 
the pressure Pm in the motor or first pressure housing. The pressure in the 
supply line may be equal to or above the necessary pressure Pm in the first 
housing. The pressure regulator may be placed between the supply line and an 
inlet line of the first pressure housing, for controlling the pressure Pm of the gas 
from the supply line to the first pressure housing. 
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The intermediate pressure liousing may be connected to tiie inlet fluid separator 
or scrubber for reintroducing tiie fluid from the intermediate pressure housing. 

The pressure in the first pressure housing Pm may be controlled to be above 
than the pressure P1 in the inlet fluid separator. 

A pressure regulator may control the pressure Pm to ensure that it is above the 
inlet pressure P1 of the compressor and the pressure Pk in the intermediate 
pressure housing. 

A method for maintaining a controlled environment for a subsea compression 
module with a motor in a first pressure housing and a compressor in a second 
pressure housing includes the steps of leading a dry gas from a source to a 
pressure regulator and feeding the first pressure housing with the dry gas at a 
first pressure Pm. 

The source of dry gas may be a well stream treated in a fluid separator, and a 
substantially dry gas may be extracted from this separator. A dry gas from a 
source as mentioned above can be led to the pressure regulator feeding the 
first pressure housing with the dry gas. A certain leak is allowed through a seal 
around an output shaft of the motor into a third intermediate pressure housing. 
The pressure of the first pressure housing may be controlled to a pressure 
above the pressure in the third pressure housing, and pressure from the third 
pressure housing pressure may be bled off. 

A well stream may be provided to the inlet of the compressor at an inlet 
pressure. A certain leak may be allowed through a seal around an input shaft 
on the compressor also into the intermediate pressure housing. The pressure 
Pk of the intermediate pressure housing may be controlled to be above the Inlet 
pressure P1 of the compressor. 
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The pressure Pm in the first pressure housing may be above the inlet pressure 
P1 of the compressor. 

The fluid from the third pressure housing may be lead to the inlet of the 
compressor. 

A subsea compression station where this system may be included may 
comprise the following modules and parts: 

one or more compressor trains, 

one or more circuit breaker modules, 

inlet and outlet manifolds, 

inlet coolers (if supply pipelines not are sufficient for cooling the well 
stream), 

inlet sand trap (for accidental sand production), 

parking location for main transformer and power umbilical termination 
head, 

process system, 
control system. 

The compressor train may include: 

compressor module, 

compressor variable speed drive (VSD), 

anti surge valve and actuator, 

anti surge cooler, 

separator/scrubber module, 

pump module, 

pump VSD (variable speed drive), 
remote and manually operated valves, 
interconnection piping, 
control system including control modules. 
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The compressor may be driven directly by high-speed motor. The electric motor 
may be cooled with a hydrocarbon gas at a pressure controlled to be equal or 
close to the suction pressure of the compressor. The gas source may be the 
well stream supplied to the subsea compression station, and should be 
conditioned prior to entering the electric motor. The system will of course also 
work with a gas commonly used for pressurizing electric components. The 
system may utilize magnetic bearings for each of the subsea compressor 
modules, or magnetic radial and axial bearings as well as run-down bearings. 
The material properties of the compressor unit should be suitable for operation 
with relevant contents of H2S and CO2. 

The compressor and the material properties should be designed for the liquid 
fractions and solids content coming with the gas stream from the upstream 
separator. The size and distribution of liquid droplets and solids particles are 
dependent on the separator design, and the separator should be designed to 
bring the content of liquids and solids down to an acceptable level. The 
compression system may be designed to handle the continuous fines/sand 
production. The rotating equipment may be protected against wear and 
degradation from solids to ensure high efficiency, long life and reliability. 

The compressor may include an anti-surge control recycle line designed for full 
recycle flow at maximum conditions speed (105%). The anti-surge control valve 
may be an electrically actuated, axial stroke design and may be located close to 
the compressor discharge at high point. An anti-surge recycle cooler may be 
included downstream of the anti-surge valve in the recycling pipe loop. The 
compressors may have a discharge pipe equipped with a remote operated 
isolating valve. A non-return valve may be fitted in the compressor discharge 
pipe upstream of the isolation valve. 

The separator separates liquid/solids from the gas which in turn is ingested into 
the pump and compressor, respectively. The separator is designed to separate 
liquids and solids from the gas flow to avoid excessive erosion of the 
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compressor, and to ensure clean dry gas to the various housings, including the 
motor housing and the compressor housing. The separator is designed to 
ensure that solids not are clogged or undesirably accumulated anywhere in the 
separator. 

The compression station may include various process coolers such as an anti 
surge cooler/recycle cooler to cool the gas flow in the antisurge line 
(compressor recycle loop) and input coolers to cool the flow from templates. 

The compressor station may have tie-in connections for well fluid discharge, 
and may include ROV operated valves for routing of the well fluid to the different 
pipelines. 

The well fluid from tied-in production templates may be distributed to a 
separator equipped with a hydraulic actuated isolation valve in the inlet pipe. 
The well stream may further be routed via the compressor by-pass line before 
compressor start up and the by-pass valve may be closed when the 
compressors are brought into operation. Most of the solids from the production 
may be removed in separators. Sand/fines/solids entering the compression 
station will be separated out in the separator and transported via the liquid 
pump to the discharge pipeline. However, a sand trap for accidental sand 
production may be used to remove sand from the inlet well fluid. Gas demisting 
and gas-liquid separation may be performed by the use of scrubbers. 

Brief description of the enclosed drawing: 

Fig. 1 is a schematic representation of a subsea compression module 
according to one embodiment of the invention. 

Detailed description of embodiments of the invention with reference to the 

enclosed figure: 

Fig. 1 shows a subsea compressor module according to an embodiment of the 
invention. The module includes an electric motor 1 , a coupling or intermediate 
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chamber 2 and a compressor 3. The motor 1 is connected to the compressor 3 
with a coupling in the intermediate chamber 2. Alternatively motor 1 and the 
compressor 3 may be connected to the same shaft. The coupling may for 
instance be a flange or any other suitable joint. Alternatively the intermediate 
chamber 2 may include a transmission if a certain ratio is needed between the 
motor 1 and the compressor 3. 

On the output shaft of the motor, where this enters the intermediate chamber, a 
seal T1 is included. Similarly, a seal T2 is provided on the input shaft of the 
compressor where this shaft enters the intermediate chamber 2. 

An inlet liquid separator 5 typically consisting of inlet cyclones and guide vanes 
receives a well flow and delivers a substantially dry gas to the compressor 
which compresses the gas. 

A pressure regulator 6 controls the pressure of the gas from a source through 
line L5 and leads the gas through a line L3 into the motor at a pressure Pm. The 
gas source may be an umbilical from an offshore platform, a line from an 
onshore installation, gas tanks in the area, a conditioning unit providing dry gas 
from the well stream, or any other suitable source. The source must however be 
able to provide gas to the pressure regulator 6 at a pressure equal to or above 
the required motor pressure Pm. 

A pressure sensor in the inlet liquid separator 5 gives a signal to the pressure 
regulator 6 through a suitable connection S1, enabling the pressure regulator 6 
to control the pressure Pm in the motor to be above the pressure in the Inlet 
liquid separator 5, and hence the pressure Pk in the intermediate chamber 2. 
The actual pressure Pm in the motor housing may also be monitored to ensure 
that this pressure Pm is within the specified range in relation to the pressure in 
the inlet fluid separator 5. 

The line L4 connects the intermediate chamber 2 to the liquid separator. 
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A check valve V1 on the line L4 between the intermediate chanriber 2 and the 
inlet fluid separator 5 ensures no inflow of fluid into the intermediate chamber 2 
in the case of off design conditions. 

A line L1 from the well supplies gas to the compressor 3 at a suction pressure 
P1 . The compressor delivers a compressed outlet fluid flow through line L2. 

The pressure Pk in the intermediate chamber is governed by the pressure Pm 
in the motor housing controlled by the pressure regulator 6 and the pressure in 
the inlet separator. The pressure Pk in the intermediate chamber 2 is higher 
than the suction pressure P1 of the compressor. A pressure higher than the 
suction pressure P1 of the compressor 3 and higher than the pressure Pk in the 
intermediate chamber will however build up around the input shaft of the 
compressor 3 and ensure fluid flow out of the seal T2 around the input shaft of 
the compressor 3 and into the intermediate chamber 2. The pressure build up 
around the input shaft the compressor seal T2 is exposed to, is an inherent 
feature of axial compressors. 

The motor 1 and the compressor 3 are connected by a coupling K placed inside 
the intermediate chamber 2. The compressor 3 is connected to the inlet line LI 
for receiving gas and the outlet line L2. The pressure housing for motor 1 
includes electric connections in addition to the lines L3 for supply of 
clean/conditioned gas. 

The intermediate chamber 2 isolating the motor 1 and the compressor 3 with 
seals T1 and T2 respectively, receives gas leaking from the compressor 3, 
and/or a saturated pressure during normal operation or in the case of a shut- 
down of the subsea compressor module. From the motor side, the intermediate 
chamber 2 can receive gas that leaks from the motor 1 in that the pressure in 
the motor Pm is above the pressure Pk in the intermediate chamber 2 and 
above the suction pressure P1 of the compressor. 
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To ensure that the pressure in the motor housing is higher than the pressure in 
the intermediate chamber 2, pressure sensors or probes connected to the inlet 
liquid separator 5 and to the motor chamber for monitoring the respective 
pressures and the pressure regulator 6 controls the pressure of the gas in the 
motor housing. This ensures that the pressure Pm in the motor housing is 
maintained at a higher level than the suction pressure P1 of the compressor 
and the pressure Pk in the intermediate chamber. The gas in the intermediate 
chamber is returned to the suction side or the liquid separator 5 to prevent 
collection of impure fluid in the system. 

The seals T1 and T2 may be of various types, and may for instance be brush 
seals or labyrinth seals, both types being well known within the field. 
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Claims: 

1. A subsea compression module with an electric motor (1) in a first 
pressure fiousing, a compressor (3) in a second pressure liousing, 
characterized in 

a third intermediate pressure housing (2) between the motor (1) and the 
compressor (3); 

a seal (T1) for an output shaft of the motor (1), sealing between the first 
pressure housing and the third intermediate pressure housing (2); 
a seal (T2) for the input shaft of the compressor (3), sealing between the 
intermediate pressure housing (2) and the second pressure housing; and 
a connection between the shaft of the motor (1) and the shaft of the 
compressor (3) in the third intermediate pressure housing (2). 

2. The subsea compression module according to claim 1 , further comprising 

a fluid connection (L4) on the intermediate pressure housing (2); 

a pressure sensor for monitoring the pressure in the intermediate 

pressure housing (2); and 

a pressure regulator (6) adapted to ensure that a pressure (Pk) in the 
intermediate pressure housing is lower than the pressure (Pm) in the first 
pressure housing and higher than a suction pressure (PI) of the 
compressor (3). 

3. The subsea compression module according to claim 2, wherein the fluid 
connection (L4) of the intermediate pressure housing (2) is in connection 
with the suction side of compressor (3) and/or scrubber (5). 

4. The subsea compression module according to claim 1 , wherein a supply 
line (L5) with a pressurized gas at a pressure equal to or above the 
necessary pressure (Pm) in the first housing supplies the pressure (Pm) 
to the first pressure housing. 
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5. The subsea compression module according to claim 1, wherein the 
pressure regulator (6) is placed between the supply line (L5) and an inlet 
line (L3) of the first pressure housing, for controlling the pressure (Pm) of 
the gas from the supply line (L5) to the first pressure housing. 

6. A method for maintaining a controlled environment for a subsea 
compression module with a motor (1) in a first pressure housing and a 
compressor (3) in a second pressure housing, 

characterized in that 

it includes the following steps: 

leading a dry gas from a source (L5) to a pressure regulator (6) feeding 
the first pressure housing with the dry gas at a first pressure (Pm); 
allowing a certain leak through a seal (T1) around an output shaft of said 
motor (1) into a third intermediate pressure housing (2); 
controlling the pressure (Pm) of the first pressure housing to a pressure 
above the pressure (Pk) in the third pressure housing (2); and 
bleeding off pressure (Pk) from the third pressure housing (2). 

7. The method according to claim 6, further including the steps of: 
providing a well stream to an inlet of the compressor (3) at an inlet 
pressure (P1); 

allowing a certain leak through a seal (T2) around an input shaft on said 
compressor (3) into said intermediate pressure housing (2); 
providing a pressure (Pk) of the intermediate pressure housing above the 
inlet pressure (P1) of the compressor. 

8. The method according claim 6, further comprising controlling the 
pressure (Pm) into the first pressure housing to a pressure above the 
inlet pressure (P1). 

9. The method according claim 6, further comprising conditioning a part of 
the well stream to supply the source (L5) with a dry gas. 
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10. The method according claim 6, further comprising leading the fluid from 
the third pressure housing (2) to the inlet (LI) of the compressor. 
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for being pressurized with a pressure (Pm) and a 
compressor (3) in a second pressure housing with a 
suction pressure (PI) . A third intermediate 
pressure housing (2) is provided between the motor 
(1) and the compressor (3), and a seal (Tl) for 
the output shaft of the motor, seals between the 
pressure housing of the motor and the third 
intermediate pressure housing. A seal (T2) for the 
input shaft of the compressor (3) seals between 
the intermediate pressure housing (2) and the 
compressor (3) . A connection (K) is provided 
between the motor 1 and the compressor (3) in the 
third intermediate pressure housing (2) . A method 
for maintaining a controlled environment for a sub 
sea compression module is also provided. 
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